of information about whether weight losses were intentional or unintentional. While intentional weight losses may be beneficial to health by reducing CVD risk factors (13) (14) (15) (16) (17) (18) , unintentional weight loss often accompanies illness (19) (20) (21) . A resolution of the paradoxical finding that weight loss is associated with reduced CVD risk factors but with higher total and CVD mortality might be found by differentiating between the effects of intentional and unintentional weight loss.
Only one study, using data from the American Cancer Society (ACS) Cancer Prevention Study I (22) , has reported information on intentionality of weight loss in relation to mortality. Participants were asked whether they had experienced any weight change (gain or loss) in the previous year and, if so, whether they had they tried to bring about the weight change. Among obese women with obesity-related health conditions, intentional weight loss of any amount was associated with a 20 percent lower risk of all-cause mortality over a 12-year period. In obese women with no preexisting health conditions, the findings were less consistent with regard to associations between intentional weight loss and mortality. Unintentional weight loss was related to higher mortality in obese women with or without health conditions, but associations were substantially diminished and no longer statistically significant after adjustment for confounders.
The purpose of this study was to offer new information on the associations between intentionality of weight loss and total and CVD mortality risk in a prospective study. It was hypothesized that unintentional weight loss would be associated with higher mortality risk. The prediction for intentional weight loss was less clear. Intentional weight loss might be associated with lower mortality risk among overweight people with obesity-related health conditions. However, those intentionally attempting to lose weight might be at greater health risk initially compared with healthy individuals not attempting to lose weight. Thus, intentional weight loss could be associated with higher mortality.
MATERIALS AND METHODS

Subject population
The Iowa Women's Health Study cohort was assembled in January 1986, when 41,836 of 98,030 randomly selected women between ages 55 and 69 years, who had a valid Iowa driver's license in 1985, completed a mailed survey (23) . The questionnaire consisted of demographic information (current age, educational attainment, marital status), current health status (poor, fair, good, excellent), prevalent diseases (cancer, heart attack, angina, other heart disease), medical conditions (diabetes, hypertension) and health-related behaviors (smoking, alcohol intake, physical activity, hormone replacement therapy). Participants reported their current weight, height, and weight at ages 18, 30, 40, and 50 years. Body mass index (BMI) was computed. A paper tape measure and written instructions were enclosed for having a friend measure circumferences of the waist and hips (24) . Waist/hip circumference ratio was calculated. In addition to the baseline questionnaire, subsequent questionnaires were mailed in 1988, 1990, and 1992 . On each of these follow-up questionnaires, women reported whether they had been told by a physician that they had any of the following diseases or medical conditions: heart attack, angina or other heart disease, stroke, cancer, hypertension, or diabetes. The 1992 questionnaire also included questions on current body weight, marital status, smoking status, regular alcohol use, and estrogen use.
Assessment of intentionality of weight loss
The third follow-up mail questionnaire (1992) included several questions that assessed history of intentional and unintentional weight losses. Intentional weight loss was assessed with questions about the number of weight loss episodes of 5-9, 10-19, 20-49, and 50 or more pounds (2.3-4.1, 4.5-8.6, 9.1-22.3, and >22.7 kg) reported for each of three age periods (18-39 years, 40-54 years, and 55 years-current age). For example, "Between the ages of 18-39, about how many different times did you lose each of the following amounts of weight on purpose, excluding pregnancy or illness?" Unintentional weight loss was measured by asking questions about the number of unintentional weight loss episodes of >20 pounds (£9.1 kg) reported for each of the same three age periods described above, e.g., "Between the ages of 18 and 39, about how many different times did you lose 20 or more pounds (> 9.1 or more kg) when you weren't trying to, for example, because of illness?" This measure has adequate test-retest reliability and is correlated in expected directions with other health and demographic variables (19, 25) .
Participants were classified into one of four categories of weight loss since age 18 years based on their responses to the questions about intentional and unintentional weight loss: 1) at least one intentional weight loss episode of 20 or more pounds (>9.1 kg), but no unintentional weight loss episodes; 2) at least one unintentional weight loss episode of 20 or more pounds, but no intentional weight loss episodes; 3) at least one intentional weight loss episode of 20 or more pounds, plus at least one unintentional weight loss episode of 20 or more pounds; or 4) neither an intentional weight loss episode nor an unintentional weight loss episode of 20 or more pounds. In addition to these lifetime weight loss categories, three age-specific categories were computed based on responses to the questions about weight loss episodes of 20 or more pounds between ages 18 and 39, 40 and 54, and 55 or more years. A 20-pound weight loss criterion was selected to represent significant weight loss and to maintain comparability between the intentional and the unintentional weight loss episodes (since only unintentional weight losses of 20 or more pounds were assessed).
Cohort mortality follow-up
Information about the vital status of the cohort was collected using several methods. Participant identifiers (name, address, Social Security number, birth date, and maiden name) were linked by computer to death certificates from the state of Iowa for calendar years 1986-1995. To identify deaths outside of Iowa, the vital statuses of nonrespondents to the 1988, 1990, and 1992 mail follow-ups were identified for 1986-1995 by linkage with the National Death Index. We estimate that 99 percent of the deaths in the cohort have been identified.
Causes of death were coded according to the International Classification of Diseases, Ninth Revision (ICD-9) (26) . Underlying cause for Iowa deaths was assigned by the Iowa Department of Health and those for non-Iowa deaths by a trained nosologist. CVD deaths were defined as ICD-9 codes 390-459. Other causes of death were neoplasms (ICD-9 codes 140-239), respiratory diseases (ICD-9 codes 460-519), injury and poisoning (ICD-9 codes 390-459), and other (27) .
Statistical analyses
The base sample for the present analysis consisted of women who responded to the third follow-up questionnaire in 1992 (n = 33,017). A total of 25,897 women completed enough of the questions on weight loss episodes to be classified into one of the four weight loss categories. Perhaps due to the complicated format of the questionnaire, 22 percent of the women did not complete enough of the weight loss questions to be classified into one of the lifetime weight loss categories. To be classified, for each age period, women had to have answered the questions about intentional weight losses of 20 pounds (9.1 kg) and 50 pounds (22.7 kg) and the question about unintentional weight loss episodes of 20 pounds. Women who did versus those did not complete sufficient weight loss questions were generally similar. Those who completed the weight loss questions were slightly more likely to have reported prevalent diseases or health conditions on one of the mail surveys (1986) (1987) (1988) (1989) (1990) (1991) (1992) . Slightly more women were available for age-specific weight loss category analyses.
Analyses were conducted using Cox proportional hazards regression with the SAS program PHREG (28) . Identical sets of analyses were run for total and CVD mortality. Person-years of follow-up were calculated as the time elapsed from the completion of the follow-up questionnaire in 1992 to either the end of 1995 or death. Mortality rates were calculated by dividing the number of deaths by person-years of follow-up. Multivariate-adjusted relative risks and their 95 percent confidence intervals were computed from the regression coefficients and their standard errors.
The category of weight loss was entered using three dummy variables: 20 or more pounds (>9.1 kg) intentional weight loss only, 20 or more pounds unintentional weight loss only, and 20 or more pounds intentional plus 20 or more pounds unintentional weight loss. The referent group was women who had never lost 20 or more pounds. Three separate models were run to adjust for the following variables: model A included age (1992), current body mass index (1992), and BMI-squared; model B included model A variables plus waist/hip ratio (1986), educational attainment (high school or less, more than high school; 1986), marital status (currently married or not; 1992), current smoking status (yes or no; 1992), and current estrogen use (1992); model C included model B variables plus prevalent disease (self-reported history of heart attack, angina, or other heart disease, cancer, or stroke on any of the mail questionnaires (1986, 1988, 1990, or 1992) and health conditions (self-reported hypertension or diabetes on any of the mail questionnaires). Additional analyses were run using the agespecific weight loss categories to examine whether weight loss at certain ages was more strongly predictive of mortality than was weight loss at other ages.
To examine potential differences in mortality risk among subgroups of women whose initial risk varied, two additional sets of analyses were performed. First, women who reported any health conditions were examined by weight loss category in relation to total and CVD mortality. Women who never lost 20 or more pounds (^9.1 kg) and who reported no health conditions on any of the questionnaires were the referent group. Seven dummy variables were entered to represent the other subgroups (e.g., never lost 20 or more pounds/health conditions, intentional weight loss of 20 or more pounds only/no health conditions, etc.). Models A, B, and C were run. Health conditions were not included as a model covariate in this set of analyses, but prevalent disease was included in model C. Second, women who were overweight in 1992 were examined according to weight loss category in relation to total and CVD mortality. Those who never lost 20 or more pounds and who were not overweight in 1992 (BMI < 27.3 kg/m 2 ) were the referent group. Seven dummy variables were entered to represent the other subgroups (e.g., never lost 20 or more pounds/overweight, intentional weight loss of 20 or more pounds only/not overweight, intentional weight loss of 20 or more pounds only/overweight, etc). Models A, B, and C were run. BMI and BMI-squared were not included as models covariates in these sets of analyses. Additional sets of analyses were run using BMI at age 18 years as a covariate or overweight status at age 18 years as a grouping variable. These analyses yielded a nearly identical pattern of results and are not discussed further. Table 1 shows demographic and health characteristics of women by weight loss category. Overall, 52.4 percent had never lost 20 or more pounds (>9.1 kg), 16.6 percent had lost 20 or more pounds intentionally, 19.3 percent had lost 20 or more pounds unintentionally, and 11.7 percent had both 20 or more pounds intentional and 20 or more pounds unintentional weight losses. Women were age 62 years on average at the initial questionnaire (68 years in 1992), and approximately 41 percent had some education beyond high school, 68 percent were currently married (1992), 9 percent were current smokers (1992), and 17 percent currently used estrogen (1992). Except for estrogen use, all demographic and health-related variables differed significantly by weight loss category. Women who had never lost weight were less likely to report prevalent disease or health conditions compared with women who had experienced some type of weight loss. Women who had never lost weight or who reported only intentional weight loss episodes were more educated, were more likely to be currently married, and were less likely to be current smokers in 1992. Unintentional weight loss was associated with prevalent disease and higher mortality. Most women reported being in good or excellent health in 1992.
RESULTS
Descriptive data
Total mortality and weight loss category
As shown in table 2, unintentional weight loss of 20 or more pounds (>9.1 kg) at least once since age 18 years (alone or with intentional weight loss) was associated with a 46-57 percent higher risk of death compared with never losing 20 or more pounds. Intentional weight loss by itself was not statistically significantly associated with higher mortality compared with never losing 20 or more pounds, but the risk ratio was slightly elevated (22 percent). These associations were not significantly altered after adjustment for covariates (model B), but were attenuated in analyses adjusting for prevalent disease or health conditions (model C).
Age-specific models revealed that unintentional weight loss of 20 or more pounds (>9.1 kg) after age 55 years, with or without intentional weight loss, was associated with a 67-68 percent higher mortality compared with not losing 20 or more pounds after age 55. This finding was unchanged after adjustment for initial covariates (model B). However, after adjustment for prevalent disease and health conditions, relative risks were attenuated but remained statistically significantly elevated for only unintentional weight loss. For the age groups 40-54 and 18-39 years, the risk of mortality associated with 20 or more pounds unintentional weight loss was less striking. Intentional weight loss alone, during any age period, was not associated with higher mortality compared with no weight loss of 20 or more pounds (>9.1 kg).
Patterns of results were similar for CVD mortality (table 2) . Unintentional weight loss, but not intentional weight loss, was associated with a 63-114 percent higher mortality risk compared with never having lost 20 or more pounds (>9.1 kg). This association was attenuated but remained statistically significant after (diabetes and hypertension) and prevalent disease (heart attack, angina or other heart disease, stroke, and cancer).
Downloaded from https://academic.oup.com/aje/article-abstract/149/6/504/215285 by guest on 09 January 2019 adjustment for prevalent disease and health conditions. Age-specific analyses showed that unintentional weight loss episodes after age 55 years were most strongly associated with increased CVD mortality risk. Prior to age 55 years, only women who reported both unintentional and intentional weight loss episodes of 20 or more pounds were at statistically significantly higher risk of CVD mortality compared with women who never lost 20 or more pounds.
Weight loss category, health conditions, and mortality Table 3 shows the relative risk of total mortality and CVD mortality by weight loss category and health conditions. Compared with women who had never lost 20 or more pounds (>9.1 kg) and who reported no health conditions, women who lost 20 or more pounds (intentional, unintentional, or both) and who reported health conditions were at 50-90 percent higher total mortality risk. The association between 20 or more pounds unintentional weight loss and 20 or more pounds unintentional plus 20 or more pounds intentional weight loss and mortality remained significant after adjustment for covariates, including prevalent disease. The increased mortality risk associated with 20 or more pounds intentional weight loss in women with health conditions was no longer statistically significant in the fully adjusted model C. Women with health conditions who had never lost 20 or more pounds did not significantly differ in mortality risk from women with no health conditions who had never lost 20 or more pounds. Weight loss, whether intentional or unintentional, was not associated with increased mortality risk among women with no health conditions. For CVD death, only 20 or more pounds (£9.1 kg) unintentional weight loss or 20 or more pounds unintentional plus 20 or more pounds intentional weight loss among women with health conditions was associated with significantly higher risk of mortality compared with women without health conditions who never lost 20 or more pounds (table 3) . Risk ratios for CVD mortality were greater than those observed for total mortality (e.g., for 20 or more pounds (^9.1 kg) unintentional weight loss in women with health conditions, the relative risk equals 2.60 vs. 1.90, respectively). Associations remained statistically significant after adjustment for prevalent disease and other covariates. Twenty or more pounds intentional weight loss in women with health conditions was not statistically significantly associated with increased risk of CVD death compared with women with no health conditions who never lost 20 or more pounds, although relative risks were about 28-60 percent higher. Weight loss of any type was not statistically significantly associated with increased risk of CVD mortality among women with no health conditions. Table 4 shows the relative risks of total and CVD mortality by weight loss category and overweight status. Compared with women who were not overweight and who had never lost 20 or more pounds (^9.1 kg), women who reported 20 or more pounds unintentional weight loss or 20 or more pounds unintentional plus 20 or more pounds intentional weight loss had a 35-68 percent higher mortality risk. This association was statistically significant among both nonoverweight and overweight women, but was attenuated after adjustment for prevalent disease. The strongest and only statistically significant association after adjustment was present in women who were not overweight who reported 20 or more pounds unintentional weight loss (relative risk = 1.42, 95 percent confidence interval 1.17-1.72). Twenty or more pounds intentional weight loss was not significantly associated with higher mortality risk compared with women who were not overweight who never lost 20 or more pounds. Although not statistically significant, relative risks were about 20 percent higher in women who were not overweight who intentionally lost 20 or more pounds compared with women who were not overweight who never lost 20 or more pounds.
Weight loss category, overweight status, and mortality
Patterns of association were similar but of greater magnitude for CVD death. Twenty or more pounds (9.1 kg) unintentional weight loss, with or without 20 or more pounds intentional weight loss, was associated with a 66-171 percent higher mortality risk compared with women who were not overweight who had never lost 20 or more pounds. Associations were attenuated after adjustment for prevalent disease and other covariates, but remained statistically significant among women who were not overweight. Twenty or more pounds intentional weight loss was not statistically significantly associated with increased mortality relative to women who were not overweight who had never lost 20 or more pounds. However, overweight women who intentionally lost 20 or more pounds had a 34 percent higher risk of CVD death compared with those who were not overweight who had never lost 20 or more pounds. The relative risk was reduced from 1.34 to 1.05 after adjustment for prevalent disease. * Body mass index <27.3 kg/rrr 3 in 1992. t Adjusted for age (1992) (n = 25,715). i Adjusted for age (1992), waist/hip ratio (1986), education (1986), marital status (1992), smoking status (1992), and estrogen use (1992) . § Adjusted for model B variables plus health conditions (diabetes and hypertension) and prevalent disease (heart attack, angina or other heart disease, stroke, and cancer). 1) RR, relative risk; Cl, confidence interval.
al and unintentional weight loss episodes and mortality. There were two main findings. First, intentional weight loss alone of 20 or more pounds (>9.1 kg) during adulthood was not significantly associated with higher total or CVD mortality risk compared with never having lost this much weight, nor did it exert protective effects compared with never losing 20 or more pounds. Second, unintentional weight loss, specifically unintentional weight loss that occurred after age 55 years, was associated with higher mortality risk compared with never losing weight. This association was limited primarily to women with prevalent disease, hypertension, or diabetes. Patterns of association were similar for total and CVD mortality, but the strength of association between unintentional weight loss and mortality was stronger for CVD deaths. These findings suggest that the association between weight loss and increased mortality risk observed previously in many epidemiologic studies is due to unintentional weight loss that reflects existing disease and not to intentional weight loss. These findings reinforce a recent review on intentional weight loss and mortality that concluded that rather than focusing concern on the putative association between dieting for weight loss and increased morbidity and mortality, attention should be more appropriately focused on unintentional weight loss as a marker for underlying illness (29) . Although 40 percent of US adult women report that they are currently trying to lose weight, little is known about the incidence of actual weight loss, whether weight losses are maintained, or whether intentional weight losses improve longevity (2, 3, 11, 12, 30) . To our knowledge, only one other epidemiologic study has addressed associations between intentional weight loss and mortality. In a reanalysis of the ACS data, Williamson et al. (22) found that among obese women with obesity-related health conditions (i.e., personal history of heart disease, stroke, diabetes, hypertension, severe shortness of breath, or severe chest pain), intentional weight loss of any amount was associated with a 20 percent reduction in subsequent mortality. Among obese women with no preexisting illness, intentional weight loss of 20 or more pounds (>9.1 kg) within the previous year was associated with a 25 percent reduction in mortality. However, smaller weight losses (<20 pounds) that occurred longer than a year previously were associated with slightly increased mortality risk. In the present study, intentional weight loss of 20 or more pounds among overweight women without diabetes or hypertension was not associated with mortality risk. Results from this study are difficult to compare with those from the ACS study because of variations in the time frame assessed with respect to the intentional weight loss and differences in the study populations.
However, an advantage of this study is that exposure groups who had both intentional and unintentional weight loss episodes could be identified.
Further research is needed to examine the mechanisms by which intentional weight loss could potentially affect longevity. Short-term health benefits of weight loss are well-established and include reductions in CVD risk factors, such as blood pressure, serum cholesterol, hyperglycemia, and hyperinsulinemia (13, (16) (17) (18) 31) . Although these health benefits are attenuated when and if weight is regained, it is not known whether the improvements achieved by temporary weight loss exert some beneficial long-term health effects when contrasted with consistently remaining overweight. Results from our study suggest that modest intentional weight loss episodes do not confer protection against mortality risk, whether in healthy or unhealthy women, and regardless of overweight status. Intentional weight loss was associated with a nonsignificant increase in mortality risk that was small in magnitude and may have been due to residual confounding. Since many overweight individuals may exhibit several cycles of modest, short-term weight losses, followed by weight regain, across their lifetime, the long-term health effects of this pattern of weight change warrant further careful study using a prospective cohort design (11, 12) .
Unintentional weight loss of 20 or more pounds (>9.1 kg), specifically after age 55 years, or among women with prevalent disease or health conditions was clearly associated with increased mortality risk. These findings are consistent with cross-sectional data showing unintentional weight loss to be associated with poor health, smoking, lower education levels, and lower body mass index (19, 20) . In the study by Williamson et al. (22) , unintentional weight loss was reported by only 3.3 percent of obese women who had no preexisting health conditions and by 5.4 percent of those who reported obesity-related health conditions (compared with 19 percent of women in the Iowa Women's Health Study cohort). In that study, compared with no change in weight, unintentional weight loss was associated with a 33 percent higher mortality risk among obese women with no health conditions and a 44 percent higher mortality risk among obese women with obesityrelated health conditions. These relative risks are similar to the 35-45 percent higher mortality risk we observed for unintentional weight loss among overweight women in the Iowa Women's Health Study cohort. Interestingly, and consistent with previous studies, this association was stronger for CVD compared with total mortality risk. Although weight loss decreases CVD risk factors (13, (14) (15) (16) (17) (18) 31) , it is unclear why unintentional weight loss increases CVD mortality risk unless it is purely a marker of disease severity. It is also not clear why unintentional weight loss episodes would not be more strongly associated with diseases such as cancer, for which weight loss is a common symptom. Although there were too few cancer deaths to analyze in our study, Williamson et al. (22) found that unintentional weight loss was not significantly associated with cancer, CVD, or total mortality in either healthy overweight women or overweight women with health conditions. Other studies have found stronger associations between weight loss and CVD or non-CVD/noncancer mortality compared with cancer mortality (4, 6, 7, 32) . Further work is needed to determine the mechanisms that mediate associations between unintentional weight loss and increased CVD mortality.
This study had many strengths. In contrast to many previous epidemiologic studies that examined weight variability and mortality, the present cohort was comprised of women. Intentional weight loss efforts are likely to be more common in cohorts of women than in cohorts comprised solely of men (6) (7) (8) 32 ). Thus, associations between intentional weight loss efforts and mortality, if present, would be more likely to be detectable. It has been argued that a limitation of previous studies is the exclusion of those with prevalent disease, people for whom intentional weight loss might be beneficial (22, 29, 31) . Thus, another strength of our study was that it examined associations between intentional weight loss and mortality separately in those with and those without preexisting disease and health conditions. In addition, detailed information on the time period, amount, and intentionality of weight losses was assessed. The present study was also able to identify women who had both intentional and unintentional weight loss episodes. The only other previous study to examine associations between intentionality of weight loss and mortality of which we are aware used mutually exclusive categories of intentional or unintentional weight loss and assessed only the most recent weight loss episode (22) . Study limitations included an ethnically homogeneous sample, lack of information on the validity of the measure of the intentional weight loss episodes, lack of information on the size of the weight loss achieved per episode (other than that it was 20 or more pounds) (>9.1 kg)), no information on whether weight losses were maintained and for how long, and a sizable number of participants who could not be classified.
The issue of the validity of recalled weight loss episodes is an important one, about which further work is needed. This study used a state-of-the-art measure of intentional and unintentional weight loss episodes (25, 29) . The measure is reliable, and indirect validity for the intentionality of the weight loss history questionnaire is provided by its correlations in expected directions with other measures, such as body mass index, self-reported health, health conditions, smoking, and education level (19, 20) . Furthermore, women who did not complete the weight loss questions did not differ appreciably at baseline compared with those who completed the questions. However, potential reporting biases exist. For example, compared with women who were not overweight, overweight women may be more likely to mislabel unintentional weight loss episodes as intentional, since weight loss presumably may be desired and intentional weight loss episodes may be more frequent. This bias actually works against the likelihood of the findings of our study being observed and would suggest a differential pattern of associations between intentionality of weight loss and mortality among overweight women and those who were not overweight. This study found no differences between overweight women and those who were not overweight in patterns of association between intentional weight loss and mortality. Associations between unintentional weight loss and mortality were somewhat stronger in women who were not overweight, however. This finding could be due to greater accuracy of labeling of intentionality in women who were not overweight, or it could be due to a true difference in effects of unintentional weight loss in women of different body weights.
Time since weight loss episode is another potential source of recall bias that might affect validity of reports of weight loss episodes. However, time since weight loss episode would not necessarily bias the type of weight loss episode reported unless more-recent episodes are more likely to be intentional or unintentional. In this study of an older population of women, more recent weight loss episodes might be both more easily recalled and more likely to be unintentional. The findings of our study showed that episodes of unintentional weight loss that occurred more recently (after age 55 years) were, in fact, most consistently associated with mortality. Clearly, further work is needed to examine the validity of reports of weight loss episodes, how reports are affected by recency, and potential reporting bias interactions between recency of weight loss episode and type of weight loss (intentional or unintentional). Such work would be most useful if conducted in populations with a broader age range than was available in this study.
In summary, our study found that compared with never losing 20 or more pounds (>9.1 kg), intentional weight loss was not associated with increased total or CVD mortality risk, nor did it provide any protective effects. However, a history of unintentional weight loss of 20 or more pounds was associated with increased total and CVD mortality risk. Associations between unintentional weight loss and mortality appeared to be confined to women with prevalent dis-ease or health conditions and to unintentional weight losses occurring after age 55 years. Thus, associations between increased risk of mortality and weight loss probably reflect illness and are not caused by intentional weight loss efforts. The question of whether intentional weight losses can increase longevity remains unclear and could be addressed by a long-term clinical trial, which may, however, not be feasible. Additional observational studies of associations between intentionality of weight loss and mortality are needed to replicate the present findings. In the meantime, because it clearly improves risk factors, modest weight loss among overweight individuals, by means of healthful eating and exercise behaviors, continues to be a prudent recommendation (11, 12, 29, 31) . In addition, the potential public health impact of preventing weight gain in the first place could be significant (33) .
